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DEFINITIONS 


Mean observed range (M.O.R.) is the mean or average 
of a series of readings on the same object. It is found by 
dividing the total of the series by the number of readings. 


Mean deviation (M.D.) is the difference between the mean 
observed range and the true vange to the object. It is recorded 
as plus or minus to one place of decimals, according to whether 
the M.O.R. is above or below the true range. 


' ris the range in thousands of yards. 


Accuracy figure (A.F.) is a measure of the accuracy with 
which a range has been taken. It is found by dividing the 
mean deviation by 7° of the true range. 

It is expressed in terms of r* and as plus or minus according 


to the M.D. 
M.D. 
Formula SOT OFT R. 


Consistency figure (C.F.) is a measure of the consistency 
or ‘ size of the group ”’ of a series of readings. It is found in 
the following way :-— 

Find the difference between the M.O.R. and each reading ; 

these figures are the residuals. 

Divide the total of the residuals by the number of readings 

this figure is the mean residual. 

Divide the mean residual by r? of the M.O.R. ; this gives the 

consistency figure. It is expressed in terms of 7?, 


M.R 
ys COON ase LAR 
C v2 of M.O.R. 
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SECTION 1.—IMPORTANCE OF RANGE-TAKING 


1. Machine guns cannot obtain fire effect at long ranges, 
neither can the safety of our own troops be assured when fire 
is over their heads unless the range is accurately known. 


2. Ranges for machine gun purposes may be obtained either 
by range-finder or from a map of not less than 1/25,000 ; but, 
as on a map it is often difficult, or even impossible, to identify 
the exact positions of guns, target and own troops, the range- 
finder is likely to be the normal method used, except when all 
calculations are made from a map, as in map shooting, - 


3. The allowance made in machine gun fire control and 
safety rules to cover errors in range is 5 per cent. The 


maximum error which might be made by trained range-takers | 


under service conditions is 24 per cent. per 1000 yards; thus 


the range obtained should be within 5 per cent. up to 2000 
yards, | 


4. When used with a 3-inch mortar detachment, time and 


ammunition may be saved if ranging is begun at the true — 


range and our own troops may be more closely supported. 


rif 
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SECTION 2.—DESCRIPTION OF THE RANGE- 
FINDER 


| instrument is officially known as the Range-Finder 
No. 12, Marks IIL IIT**, IV, Iv*#, Vand VI, The Mark VI 


ds the latest service instrument; it differs from earlier types in 


j ils. These are described in Appendix IX. 
The preston consists of two principal parts—the outer 
or main tube with the external arrangements as ay hi 
Plates I and IT, and the inner frame, containing most of the 
internalarrangements, Further details of the internal arrange- 
ments will be found in the Handbook of the Range-finder 
No. 12, 1933, oe eee: 
. In order: that the delicate mechanism, requ 

hori zion small angles, may be able to withstand rough 
usage in the field the mechanism is mounted in an ogi 
frame, with no rigid connection between it and the outer gh 
of the range-finder. The range-finder is thus made sufficien y 
robust to be carried in its case on any form of mechanica 
transport without damage or loss of adjustment, 


: | -finder are 
3. The names of the external parts of the range-fin 
siuéo in Plates I and II, and are described in this paragraph. 
The following information will also be useful : 


Base length of instrument 80 cm. (approx. 


& yard) — 

Weight of range-finder... st $4) AO UBS G08, 
Weight of wooden case .., = «. wii " om | 
Weight of canvas cover ... son a i bh 
Weight of stand ... vn bi vei Odes zZ. 
Magnification of right eyepiece ,.. about 14 diameters 
Magnification of left eyepiece .., __,, 3 a 
Dimensions of field of view— 

Width of field of view ... .., about 3 degrees 

Height of upper field of view... ,, ane 

Height of lower field of view ... __,, Thy; 


See Plates I to IV. 


-finder consists of 
Outer tube (1).—The body of the range-finder cot 
a steel tube about 34 inches long and 24 inches in diameter. 
This tube is covered with canvas and painted service green. 
This canvas tends to minimize distortion due to local heating 
the sun. . 
sca on the canvas are fairways for the leather straps of the 
web sling (2). 
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Carrier plate (3).—A carrier encircles the outer tube near 
the centre. It affords a means of attaching the range-finder 
to the stand, and is fitted with bearing rings, in which the 
range-finder can be rotated in such a manner that the line of 
sight is raised or lowered. | 


_Eyepieces (4). At the centre of the tube are the two eye- 
pieces, which are surrounded by a Rubber Facepiece (5). 
They are inclined downwards at an angle of 60 degrees to the 
horizontal for the convenience of the range-taker. The right 

eyepiece is the one through which is seen the object to which 

the range is to be taken. It is focused by means of the small 
focusing lever (6). A revolving ring is mounted in the cap 
of the eyepiece. This ring is fitted with two glasses, one of 
which is clear and the other coloured, while a segment of the 
ring is left solid to protect the eye-lens of the range-finder 
when the instrument is not in use. The ring can be turned by 
the action of the thumb on its milled edge, which projects 
through the under-side of the cap. The coloured glass, termed 
a “ moderating glass,’’ is of assistance when taking ranges in 
hazy or very bright weather. 

The left eyepiece is the one through which the range scale is 
seen. As the lens in it gives but a slight magnification no 
focusing arrangement is required. ‘The left eyepiece is fitted 
with a revolving ring with a clear window, through which the 
range scale is viewed. 


_ Front range scale window (7).—Above the left eyepiece, 
in front of the facepiece, is the front range-scale window for 
illuminating the range scale. It has a hinged metal cover to 
protect it. 


Handles (8).—Beneath the range-finder, to the right and 
left of the eyepieces, are two folding handles, by means of 
which the range-finder is rotated when fixed to the stand. or 
held when no stand is used. 


Working head (9) .—Near the right handle, underneath the - 


tube, is the working head, by the rotation of which coincidence 
is made. Its position has been so arranged that it can con- 
veniently be revolved by the thumb and forefinger of the right 
hand, whilst the remainder of the hand grips the handle. 


Astigmatizer. lever (10).—Near the left handle is the 
astigmatizer lever. When the lever is pushed up towards the 
main tube the astigmatizers are brought into action. 


Tube ends (I 1) .—The ends of the outer tube are formed of 
hollow castings, slightly larger in diameter than the remainder 
of the tube. Circular openings are cut in these castings, and 
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are fitted with glass windows. Metal tubes with short ray- 
shades are brazed over the hollow castings, and two hinged 
covers are fitted to the left tube ends. 


These covers protect the coincidence and halving ad- 
justing heads (18), (19). Leather protecting caps (12) 
are fitted over the rayshades, and are attached to the tube 
ends by leather thongs. 

End caps (13) and locking piece (14). —End caps, made of 
gunmetal, screw on to the tube ends. Each is fitted with a 
rubber pad, enclosed in canvas, for the protection of the range- 
finder. 

The right window (15).—This is a piece of parallel optical 
glass used to keep out dust and damp. 

Coincidence adjusting prism (16).—The left window 
consists of a deflecting prism of small angle to provide a means 
for the correction of errors in coincidence adjustment. For 
this purpose it is mounted in a ring which can be rotated by 
the coincidence adjusting head. A fixed graduated scale is 
engraved above the window, with an index on the revolving 
mount, for facilitating the coincidence adjustment. ' 


Coincidence adjusting head (18) .-—This is carried on the 
top of the left end casting. It consists of a bevel wheel which 
is protected by a hinged cover. The bevel wheel is connected 
to the left end window (or coincidence adjusting prism) in 
such a way that the latter revolves slowly when the bevel — 
wheel is turned. Beneath the head is a spring clicker which 
prevents accidental rotation due to vibration when travelling. 


Halving adjusting head (19).—This is carried on the 
lower side of the left end casting, and consists of a bevel wheel 
which is covered in a similar manner to the coincidence ad- 
justing head. The halving head is geared with the left 
pentagonal prism in such a way that, when it is turned, the 
prism is rotated very slightly on its axis. It has a clicker 
similar to that of the coincidence adjusting head. 


Stand, instrument, No. 14, Mark III.—The stand (20), 
shown on Plates I, II and V, consists of three telescopic legs 





hinged to a socket; the legs permit of adjustment of the 


stand for height, The socket is fitted with an extension tube 
which permits of adjustment of the instrument for height 
without disturbing the position of the stand, the tube being 
clamped at the desired height by means of a clamping screw. 

A pivot, to which the carrier of the range-finder is attached, 
is supported in a bearing secured internally to the upper end 
of the extension tube, and permits of the range-finder being 
traversed in the horizontal plane. 


o 
Case, No. 12, range-finder, Mark IV.—The case 


(Plate III) for the tange-finder is of wood, and is provided 
with internal fittings to hold the range-finder. | 


A metal adjusting lath (2) is secured to the inside of the 
lid of the case by means of four screws at the centre. Four 
end screws are screwed into the case through elongated slots 
in the lath, so as to allow for expansion of the metal. 

These end screws should never be screwed tight home, _ 

The lath has two white lines exactly 80 centimetres apart. 
These are used for testing the coincidence adjustment of the 
range-finder on artificial infinity (see Lesson 9), 


A supporting rod (3) is fitted to the lid of the case to keep 
the lid in a vertical position whilst adjusting the range-finder 


by means of the lath. The supporting rod is held in position 


by a plunger, and is drawn within the case when not in use. 


Cover, No. 12, range-finder, Mark IV.—-The Mark IV 
cover (Plate IV) is of canvas web fitted with a web sling for 
carrying. It is well padded internally with felt, the pads being 
covered with canvas as a protection against moth, A hole is 
cut in each felt pad to receive a pocket, in which cleaning 
materials may be carried, and a bucket is sewn to the exterior 
of the cover to accommodate the Mark III stand. The cover 
is fastened by means of straps, tabs, and studs, iy 


i/ @ 
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PLATE VI 





View of range scale as seen through left eyepiece 





SECTION 3.-—THEORY 


1. The range-finder measures an angle. This is the angle 
subtended by the base length of the instrument at the object. 
As the base length is small compared with the range, the angle 
is very small, the largest angle measured being about 12 
minutes, which is at the shortest range marked on the range 
scale—250 yards. 

The instrument is so constructed that rays of light from 
an object enter the left window at right angles to the base of 
the instrument, and those entering the right window leave 
the object at an angle. When coincidence is made, the 
measurement of this angle gives the range, which will be 
indicated in yards on the range scale, Plate VI (page 7) shows 
the range scale reading 1000 yards. 


2. In every coincidence there is a small ¢ error, and to obtain 
a reliable range it is necessary to take a series of readings and 
find the mean, when the errors in the individual coincidences 
will to a large extent average out. The mean of ten readings 
is used normally and, even for quick work, the mean of less 
than four readings must never be accepted a3 a range. 


3. Any error in determining a coincidence will be an error 
in the angular measurement. The same angular error, as 
found in yards, increases as the square of the range. Thus the 
standard set, by which a range-taker’s results are to be judged, 
must be in terms of the square of the range. The basis of 
calculation is *, where 7 is the range in thousands of yards, to 
one decimal place. , 


4, Owing to variation of light and dehibeatits errors in 
adjustment of the range-finder are unavoidable. To give the 
best results it must be adjusted (Sec. 8) under the same condi- 
tions as will exist when taking ranges. The trained range- 
taker should be able to judge the conditions and put a suitable 
setting on his instrument. 


5. The range-finder gives different readings when coincidence 
is made in different parts of the field of view, and the centre 
of the field of view must therefore always be used. 


SECTION 4, 





SELECTION OF RANGE-TAKERS 


1, Instructors will be trained on a range-finding course at 


Small Arms School, Netheravon or Ahmednagar. They should 
be trained to a fair standard of efficiency in their units before 
attending these courses; it is an advantage if they have at 
‘some time been trained range-takers. 


2. A range-taker who has once been trained to a high 
standard, but has not kept in practice, can regain his former 
standard quickly, but while out of practice he cannot expect 
to obtain accurate ranges. 


3. Men selected for training as range-takers should have 
the following qualifications :— 


i. Second class certificate of education. 
ii, Good and normal eyesight. 


Although possessing these qualifications, some men will 
never become good range-takers ; therefore the number of men 
in a class at the start should exceed the number of fully trained 
men required. 


4. A man who wears glasses to correct short or long sight 
need not wear them when taking ranges, as the focusing lever 
can normally be adjusted to make the same correction as is 
made by his glasses; such men are therefore not unsuitable 
for training as range-takers, A man who wears glasses to 
correct astigmatism, however, should not be selected for 
training, as he must wear his glasses always to avoid eye- 
strain, and the glasses prevent him from placing his eye in the 
correct position in front of the eyepiece. 





SECTION 5.—TRAINING--GENERAL REMARKS 


1. System of training .— 


i. Each stage in training should be introduced by one or 
more simple lectures by an officer, after which 
instruction should be continued by a N.C.O. During— 
practical instruction each pair of men should work 
with one instrument, each man in turn assisting and 
checking the other. 


ee a general principle the range-taker should be taught 
; saat) what ie ahold see in the field of view and what 
he has to do to produce the correct picture. The | 
instructor should know in addition something of the 
working and theory of the instrument, details of 
which will be found in the Handbook of the Range- 
Finder, No. 12, 1933. 


iil. suggested syllabus for the training of new range- 

ve deers is ie doag in Appendix I. This four weeks’ 
syllabus should be sufficient to make the normal man 
a trained range-taker, although every opportunity 
for practice should be taken by the trained range- 
taker. 


iv, It will be found that, if suitable men are chosen for 
training, they will be able to take accurate ranges 
after about three weeks’ training, provided that it is 
uninterrupted. A fourth week will be required to 
teach them a range-taker’s duties in the field. 


v. Throughout training, the last half hour of each day’s 
work should be devoted to the completion of records, 
a discussion of the day’s results and a revision of 

_ previous work. 


vi. Every man should be given a notebook when he begins 
eatin, and every reading taken by him will be 
noted in the book, with the exception of trial readings 
at the beginning of a series. A specimen page from 
a notebook is as follows :— 


Date... aly ra is .» 17th May. ~ 
Weather conditions vas .. Bright and warm. 
Setting used . dyeoitsi a roo WR D4, 

Object ve ids thy .. Bush (2). 


1*—(1784) 
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2, Packing and unpacking.— 

i. To transfer the instrument from case to cover.—Should the 
lid of the case be very tight, the catch should be 
pressed and the lid given a slight jar upwards and to 
the rear with the palm of the hand. 

The position of the instrument in the case should 
be memorized, and the difference between the lid and 
the bottom of the case noted, 

The instrument is taken out of the case and laid in | 
the cover, with the carrier inside the leather pad to 
prevent it from tearing holes in the cover. 

The cover is closed, and all straps and buttons 
fastened, the stand being attached to the strap at 
the double end of the sling. | 


ii, Packing the instrument in the case.—The carrier of the 
instrument must be as near the range scale window 
as possible, the handles towards the front of the case, 
and the right of the instrument on the right of the 
case. The case should be closed gently without 
force; should it fail to chose, the following may be 
the cause :— 


(a) Instrument laid in the case the wrong way 


round. 
(b) Carrier plate misplaced or sling underneath. 


(c) Felt pads at end of the case rucked. 
(2) End windows not closed (Mark III). 


Note.—The case should never be carried with the straps 
unfastened. 


2 Stages in training .— 
1, Introduction to the instrument and how to take ranges, 
il, Practice in taking ranges to easy objects. 
ii. Taking ranges to more difficult objects. 
iv. Adjustment of the instrumeut to suit weather conditions, 
v. Use of cover and field duties, 1 
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Lesson 2.—Care and cleaning 


1, Although the range-finder is designed to withstand service 
conditions, it is necessary to guard against excessive jolting 
Such as might occur if the instrument were dropped. Such 
treatment may cause loss of adjustment or even breakage. 
The range-finder should always be in its case when in transport, 
and in its cover when carried. 


2. It is important that the range-finder be protected from 
damp. If used in the rain, it must be wiped dry before replace- 
ment in its case or cover, and must never be stored in a wet 
case or cover. 


3. The windows and eyepieces must be kept clean, and 
Should be covered except for actual range-taking. No oil 
or grease must be allowed to get on them, and they should 
never be touched by the hands. To clean the glass surfaces, 
use a clean piece of soft linen, silk or tissue : failing this, a 
clean piece of dry flannelette may be used. The glass must 
be rubbed firmly in one direction only, with a fresh piece of 
cloth for each stroke to avoid scratching the surface with 
grit already collected. 


4. External metal surfaces should be cleaned with a dry 


cloth. Parts from which the paint or browning has worn. 


may be wiped over with a slightly oiled rag before cleaning. 
A feather may be used for the crevices. Abrasives or metal 
polish must not be used. 


5. The rubber facepiece should be removed periodically and 
washed in warm water. It must be thoroughly dried before 
replacement. ; 


6, The instrument should not be exposed to gas if this can 
be avoided. When gas is present, it should be covered up, 
preferably in its case or cover, and afterwards the outside 
Should be cleaned. If the outside of the instrument becomes 
‘contaminated, it should be washed carefully with petrol or 
paraffin, care being taken that no liquid penetrates the inside. 
Bleach paste must not be used. If it is thought that gas 
has penetrated to the inside of the instrument, it should be 
handed in to the ordnance workshops. | 


Lesson 3.—Setting up and focusing 


1, The instrument will be removed from the case or cover, 
and the stand attached. It will then be mounted on its 
stand facing in the required direction, the windows and eye- 
pieces will be uncovered, handles pulled down, and the astig- 
matizer lever pressed down. 


» \ 
Me , 
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2. The coincidence adjusting scale (Fig. 7, page 18) on the 
left window will be placed at the required setting by turning 
the coincidence adjusting head. The setting will be described 
as ‘‘ Left (or right) so many divisions (and decimal fractions 
of a division).’’ The description “Left” or “ Right ” will 
be made when the scale is looked at the right way up, a 
scale which is actually at the bottom of the window being 
looked at over the top of the instrument, so that it appears 
as if it were at the top of the window. 


3. The instrument must be mounted in such a way that 
the view to the front is unobstructed and the range-taker 
can assume a comfortable and steady position behind his 
instrument, 

The range-taker’s position should normally be lying, 
although sometimes it may be possible to mount the instru- 
ment on a vehicle or bank, etc. When so mounted the most 
suitable position will be adopted. : 

The cLemamaeh must be held by the handles, the body 
supported on the elbows, and the forehead rested lightly on 
the rubber facepiece. ‘ 

When an anasgas respirator is worn, the rubber facepiece 
of the instrument may have to be removed temporarily. 


4. The instrument will be focused in the following way bere 

The eyes will be rested for a short time on a distant object, 
and then placed to the facepiece. The focusing lever will be 
moved until the dividing line appears to be as thin and clear 
as possible against the sky. If this lever is moved correctly, 
all objects in the field of view will appear sharp and clear 
(except those at very short ranges), and, by accustoming the 
eye to a distant object before focusing, the focus will be such. 
as to keep the eye at rest while taking ranges. 

The instrument should never be directed at the sun. If 
this is done, both the instrument and the man’s eyesight will 
sufier, 





Vie me ll 
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SECTION 7.—COINCIDENCE 


Lesson 4.—Making coincidence and reading scale 
Instrustor’s Notes | 7 


Lay stress on the importance of making coincidence in 
the centve of the field of view. | 
Check any tendency to slow and deliberate making of 
coincidences. | 
Insist that any coincidence that is ‘‘ brought back * 4s 
cancelled ; it breaks the sequence of coincidences from 
‘alternate sides. | 
_ Work out each man’s adjustment for his day’s work. 
Ensure thai all instruments ave correct for halving. 


1, The range-finder will be turned until it is square with 


the object, and then turned in its carrier plate until the object 
can be seen in the field of view. The object will always be 
kept in the centre of the field of view. 


2. To make coincidence, the working head will be turned 
until the two images of the same object are cutting the dividing 
line at the same point on the images, in the centre of the field of 
view (Plates VII and VIII). There will be a considerable error 
in range if the actual part of the object on which coincidence is 
ont 5 not exactly in the centre of the field of view (Figs. 1, 
2 and 3), . 





Fig. 1.—Incorrect coincidence. 


Several coincidences must be made on the same object by 
bringing the images together from alternate sides, and it 
must be ensured that each coincidence is made without 
hesitation from the required side. The movement of the 
working head should be firm and steady, but not quick, 





PLATE VII [To face p. 14 





View of landscape in which object (T) lies. 


PLATE VII 





Coincidence of object Tin landscape, Plate VII, as seen in the 
: field of view. 


Note.—The house below the object can be used as an aid to 
picking up the object in the field of view. 
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When coincidence is made on a straight line object, the 
range-finder should be so turned that the straight line cuts 
the dividing line at right angles. A straight line should be 

. selected whenever possible. 
-. 





Fig. 2:—Correct coincidence. 


8. Reading the scale (Plate VI).—A coincidence having 
been made, the range scale window should be opened and 
the range scale read through the left eyepiece. The divisions — 
on the scale vary in size from 10 to 100 yards. The gradua-— 

ne ) tions on the scale are :— He fits 


From 250 yards to 1000 yards ... 10 yards, 
10 0 0 


a9 3) 93 1 ” eee a3 


PERO oO 


MN.» 3 ae 
phe AOU 8a ah, OUON, ee! Gy woe ROMS eg 
_ The infinity mark is indicated on the scale by means of a 
line and an asterisk, thus: ‘ —————+#,’’ The range 
“at natrieny cnaqeveeaD Coibabasaiti goose 
7 
roar ere if 


a i 
: Li cee EEG eee ent h any My thine sends 
yy, ; 
» mi’ 


Fig. 3.—-Correct coincidence, N ote comcidence in centre of 
field of view. Wide object. 
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Scale should be read as accurately as is permitted by the 
size of the divisions at the point in use. At short ranges 
it can be read to the nearest yard, and at longer ranges in 
multiples of 5 or 10 yards. The Tange scale window should 
_be closed when a coincidence is made, as the light in the left 
eye will disturb the accuracy of the coincidence. The range 
scale can also be read through the front window for checking 
or testing the range-taker, | 


4. Recording of readings.— 

i. For the first part of his training the range-taker will 
be given a “reader,” who will record the readings 
taken, The reader wil! iie down facing the range- 
taker ; he will raise the range scale window when each 
coincidence is made, and by looking in at the front 
window will check the reading called out by the range- 
taker. The two men being trained on each instrument 
will act alternately as Tange-taker and reader, and 
the reader as well as the range-taker will ensure that 
coincidences are made directly from alternate sides, 


ii. Later in his training, the range-taker will be taught to 
write down his own readings as he will have to do 
in the field. It will be found difficult to remember 
from which side the last reading was taken, and 
practice will be necessary in some method of ensuring 
that readings are taken alternately from right and 
left. Also, it will be found that stopping to write 
down each reading will cause a considerable loss of 
time. The following two methods may be found 
helpful, the second being the quicker :— 


(@) Before taking a series of, Say, ten readings, 

! mark each second line on the book. The 
readings against the marks must be for 
coincidences made from the right. 


(6) Make the coincidences in pairs, one right and 
one left, writing down the two figures after 
making the two coincidences. It will be 
found that most men can remember the two 
readings, and there will be a considerable 
increase in speed of range-taking, 


iii, Every reading taken, except the trial coincidences at 
the beginning of each series, will be written down in 
the book of the range-taker, either by himself or by 
‘his reader. No estimate of a range will ever be given 
unless the readings have been written down, added 
up and divided by the number of readings, 


. 
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Fig. 4.—Halving incorrect. 


Fig. 5. —Halving incorrect, 
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SECTION 8,—ADJUSTMENTS 


Lesson §.—-Adjustment of halving 
(Figs. 4,5 and 6) 


Instvuctor’s Notes 


Begin the lesson indoors with diagrams of correct. and 
incorrect halving and method of adjusting. 

Outdoors, practise with straight-lined objects and wid oe 
vesults with flai-topped objects and crests. 

The clicking sysiem in the halving adjustment may wet 
permit of an exact halving. Any man’s halving may be 
very slightly different from the instructor's. 


{t will sometimes be found that the same points of each 
image do not touch the dividing line together, and a 
coincidence cannot be made. By turning the halving 
adjusting head, however, the upper image can be made to 
move up and down in the field of view and this error corrected, 


To correct the halving :— 

(a) Look through the instrument at the selected object 
and bring the bottom image near to, and parallel 
to, the dividing line, i.e. leaving a thin sky space 
between it and the line. 

(b) Turn the adjusting head until the top image shows 
the same amount of space between it and the 
dividing line as the bottom image. By turning 
the adjusting head clockwise, the top image is 
raised and, counter-clockwise, lowered. 


The halving is most easily checked and adjusted on a flat- 
topped object or a crest, and this checking must be done 
whenever the instrument is set up for taking ranges. If the 
halving is not in adjustment there will be considerable errors 
in the ranges taken, particularly in ranges to curves or irregular 
objects. 


Lesson 6.—Accuracy and coincidence adjustment 
A. Accuracy 


1. The accuracy of a range depends upon the instrument 
being in adjustment.. The instrument will be thrown out of 
adjustment by various factors :— 


(a) The weather.—Heat and cold affects the instrument, so 
that although it may have been adjusted one day, it 
may be found to be out of adjustment the next. 

2— (1850) 
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(b) Visibility.—This affects the range-taker, and makes it 
more difficult for him to make coincidence ; therefore 
his series of readings will be less reliable. 

(c) The man.—A range-taker will not be so accurate in his 
work if he is unfit, tired, uncomfortable or nervous. 


Therefore it will be necessary to test the adjustment when- 
ever possible, whether at home or on’active service. 


2. This can be done in two ways, by means of a known or 
true range, or by natural or artificial infinity. The accuracy 
of a series will be calculated, and if this is more than 572, when 
the consistency figure (lesson 10) is normal, a correction can be 
made to the C.A.S, (lesson 6) which will put the instrument 
into adjustment. 


3. The accuracy figure.—(A.F.) is found by the formula— 


A..F, = where M.D is. the mean deviation and 


vy? of T.R. 


T.R. the true range. 
Example :— 
2356 T.R. 2382 = 7* of T.R. =2-4? 
2365 M.O.R.2360 . = 5-8 
2370 | 
2355 M.D, —22 
2360 
2355 
2344 
2565 1. AP. SO 
2375 
2360 
10) 23605 ==: —3-8 
.M.O.R. 2360 = —4yr? 
Infinity. + — In this case the T.R. is zero, therefore 
1: wf the M.D. is +-2 div. (the same as 
ee the M.O.R.). 
1-2 ‘2 1 division on the infinity scale repre- 
4 v sents 10r?, 
Z 
6 . AF, = + -2x 10 
44 23 
2°3 = + 2y? 
10)2+1 | 
M .O.R. +°2 div, 


o») 
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B. Coincidence adjustment 


Iustructor’s Notes 


The vange-taker will be taught to work out his mean 
deviation and accuracy figuye for each series taken on a 
known range during the day. The range-taking calculator 
or the table in Appendix V may be used normally, but each 
man must be able to divide his mean deviation by r*, tn case 
he ts without the table or calculator in the field. 

The vange-taker will them be taught to work out hts mean 
accuracy figure for the day, and to calculate from this the 
new setting to be put on the coincidence adjusting scale. 

The instructor will check the men’s results by tnspeciton, 
and by the vange-taking calculator. 

If some men in the class cannot make the caiculation after 
a simple explanation and demonstration, they should be 
assisted with their calculations of each day’s work until they 
can do So. a 


1. Owing to differences in eyesight, each man requires his 
own personal adjustment on any instrument, and owing to 
differences in instruments, he will require a different adjust- 
ment on each instrument that he uses. | 

In addition, a man will require to vary slightly the adjust- 
ment which he uses on each instrament, according to the 
weather conditions. 


2. Turning the coincidence adjusting head alters the reading © 
on the coincidence adjusting scale (Fig. 7), and also moves 
the upper image along the dividing line. Movement of the 


RIGHT 
CO 
Raise 


Fig. 7.—Coincidence adjusting scale. 
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coincidence adjusting scale has the effect of altering the mean 
observed range, so that the range-finder can be adjusted to 
suit each individual man. 

An alteration of the coincidence adjusting scale by one 
division will make about 207 difference in the mean observed 
range, so that to produce an alteration of, say, 24r* it is 


we 24 uy, ie 
necessary to move the scale by == 1-2 divisions. 
y Y 50 ) 


To raise the mean observed range, the window is turned to 
the right, and to lower it, to the left. In recording the 
present reading on the scale it is necessary to describe the 
setting when the scale is looked at the right way up; with 
a scale on the bottom of the window the range-taker would 
look over the top of his instrument. 


Lesson 7.—Known range method of adjustment 
Instructor’ s ‘Notes 


Explain that either an unknown instrument, or their own 
instrument, can be adjusied accurately for the conditions of 
the day, if a known range +s available, 

Ensure that the known range fulfils the requirements, and 
that the instruments ave placed on the actual point from 
which the range has been measured, or within 12 yards on a 
line at a measuved right angle to the range. : 


Requirements of a known range for adjustment 


A range to be used for the adjustment of the instrument 
must be known to within v*. Details of methods of finding 
these ranges and of calculating their accuracy are given in 
Appendix [V. 

The point to which the range is known must be a clear 
straight line object, and it is an advantage if it is on a skyline. 

The range must not be a short one, and it should, if possible, 
be between 2000 and 3000 yards. 

Given these conditions, a known range is preferred to 
infinity, because the range-finder is being adjusted at a range 
similar to those which it will be required to measure. 

In adjusting an unknown instrument, the range scale 
will first be set at the true range, and one coincidence made 
with the coincidence adjusting head, thereby ensuring that 
the ranges in the initial series will not differ widely from the 
true range. 


0») 
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Procedure.—The method of adjustment is as follows {-- 


Method Example 
1, Tesé. 

Take a series of ten readings and T.R. 2147 yds. 
work out the accuracy figure. If M.O.R. 2073 ,, 
this is 5r* of the true range, or less, M.D, minus 74 4, : 
the instrument is in adjustment. [If or minus 16r 
this exceeds 57 of the true range, the .-. Instrument tequires 
instrument requires adiuatment. adjusting. 

2, Adjust. 


If the accuracy figure is more than 20r* = 3} division. 
5r* of the true range, adjust by turn- 
ing the coincidence adjusting head to 
compensate the error (see Lesson 6, 
para. 2, page 18), 


eRe 

jr? = 90 division, 
__ 16 
oh ee ee oe 
. — 167 R 50) 
== R 0-8 division. 
The coincidence ad- 
justing head must 
therefore be turned to 
the right 0-8 division 
from previous setting. 
tfithad It would be 

been at moved to 


R, 3-4 R. 4:2 
L. 2°6 L. 18 
3. Check. 
Take a further series of tenreadings T.R. 2147 yds. 
and work out the accuracy figure to M.O.R. rch > Bag 
check the new adjustment. M.D. plus 16 _ ,, 


or plus 3}7°. 
.. Instrument is now 
in adjustment. 


4. Turning the coincidence adjusting head may alter the 
halving, which must therefore be checked and adjusted when- 
ever the coincidence adjusting head is turned, before another 
series is taken. 


5. A difference of 2073 per division may not apply accurately 
when large alterations are made on the coincidence adjusting 
scale, and so the instrument should be approximately in 
adjustment before the procedure given in this paragraph is 
carried out. If an approximate setting is not known, it can 
be found in this way: Set the range scale to the known 
range, and make one coincidence with the coincidence adjusting 
head. 
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6. Towards the end of his training, and in the field, the 
range-taker will be taught to work out his consistency (Sec. 11) 
a8 a guide to the reliability of the adjustment. : 


Lesson §.—-Adjustment on natural icfinity . 
Insivuctor’s Notes 


Adjustment on moon and stars will be practised as con- 


venient, beginning with the moon by day, if possible, 


i, In the case of objects which are very far distant, such 
as the moon and stars, the range-finder records the range as 
infinity. Readings on the lath also give infinity. As infinity 
is marked on the range scale, the instrument can be adjusted 
on infinity in the same way as on a known range (see Lesson 7 
—-Procedure). | 

The range-finder must never be directed towards the sun, 
or both the instrument and the man’s eyesight will suffer. 


2, Three divisions are marked Example 
above, and three below, the in- plus minus 
finity mark on the range scale. 0-8 
Readings are noted as plus or 0-6 
minus from the infinity mark, 0-4 
and the mean calculated by 1:0 ’ 
dividing the difference of the 0:2 M.O.R,. — 0-16 
pluses and minuses by 10. This 0-8 
gives the M.O.R. in divisions, 0 M.D. — 0:16 
and, as each division is 107%, the 0-2 | 
accuracy figure is ten times th 0 Accuracy 
M.O.R. : 08  figure—1-6r? 
3. The moon.—When the  ————— 
moon can be seen by day, itisa 8 —32 
very good object for adjustment, * 16 
because, in addition to the rar 
. advantage of having daylight to 10)—1-6 
work by, the range-finder is wasted 
much nearer to the temperature —0-16 
at which it will normally be 
used. 


In making coincidence oa the moon, it is essential that 
halving be correctly adjusted, because on the curved edge an 
error in halving will make a considerable error in range; 
also particular attention must be paid to halving, because it 
is unlikely that an error will be noticed when there ie nothing 
in the field of view but the micon itself. Halving can be 
adjusted on the top edge of the moon. Coincidence must 


‘ 
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be made on the clear outside edge of the moon, and not on 
the indefinite edgs of a moon that is not quite full (Figs. 8 and 
9), If necessary, the range-finder will be tilted so that a 
portion of the clear edge ia at right angies to the dividing line. 


ee 


Fig. 8,—Correct coincidence on full moon. Note coincidence 
in centre of field of view. : 


4. A star.—In adjusting on a star, the astigmatizers 
must be used. Raising the astigmatizer lever causes both 
images of the star to become vertical lines, and coincidence 
is made much easier. oak 

Adjustment must not be made on a star unless the astigma- 
tizers have passed the test laid down in Appendix II; other- 
wise they may not be accurate, and there will be an error in 


adjustment. 





Fig. 9.—B showing correct coincidence on quarter moon, 
Note coincidence made with instrument horizontal, and 
dividing line at right angles to tangent shown dotted 
in A. A is the moon as seen with the naked eye. B is 
the same moon seen through the instrument. 


Adjustment on the moon is preferred to adjustment on a 
star, because, even if the astigmatizers have passed the test, 
there may still be a amall error in them. 
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Lesson 9.—Adjustment on artificial infinity 
Instructor's Notes 


Pracitse setting ub of lath amd paralleling at short f))) 
distances. : 
Close supervision must be exercised over the laying out 
of laths to ensuve that they ave paralleled ascurately. 


1. The lath.—In the lid of the range-finder case there is 
a metal lath with two white lines on it. The distance between 
these two lines is the same as the base length of the range- 
finder, so that, if each line is viewed through the corresponding 
window of the range-finder (Fig. 10), the lines of sight will 
be parallel and the apparent range will be infinity. To 
produce this effect (see Fig. 11) the right line on the lath in 
the view from the right window (lower field) is. made to 
coincide with the left line from the left window {upper field). 
The range will appear to be infinity. 


Fig. 11.—Size of lath exaggerated. 
BE gone 
fye» kor 


f= == BOCs <u 


Dy) 





Fig. 10.-~Diagram showing how artificial infinity is created. 


2. The case must be set up at least 300 yards from the 
range-finder, so that any small error in the length of the lath 
will have little effect. The greater the distance the better, Q) 
but visibility will not normally allow the case to be more than is 
500 yards 





Piece of white material 


Fig, 12,—Diagram showing method of aligning case parallel 
to instrument. | 


2* (1850) 
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| 
3. The case must also be parallei to the range-finder, and it 


will be aligned in the following way (Fig. 12). A handker- 
chief will be hung on one-end of the range-finder, and the 
range-finder turned so that the lath is in the centre of the 
field of view. The corners of the half-opened case will be 
aligned on the handkerchief, and the supporting rod dropped 
to hold the case open with the lath facing the range-finder. 


4. The lath must not be used for adjustment unless it has 
passed the test, given in Appendix II, to ensure that it is the 
same length as the base of the range-finder. - i 


5. The lath should not be used for adjustment if any of the 
other means are available, because a very small error in the 
length of the lath makes a considerable error in adjustment. 


_ On service, however, it is likely that the lath will be the only 


means of adjusting the instrument, and it is sufficiently 
accurate if it has passed the test. 
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SECTION 9.—ACCURACY CHARTS 


1. Accuracy charts are records of the accuracy of ranges 
taken by the range-taker, and of the adjustment he used to 


obtain each range. They also show the conditions under 


which each range was taken. 
2. The information recorded on the chart (Fig. 13, page 28) 
is :-— 
i. The name of the range-taker. 
ii, The number of his instrument. 7 
iii. Along the foot of the chart, the date, weather conditions 
and type of object to which the range was taken. 
iv. Near the top of the chart, on each vertical line, the 
coincidence adjustment setting used for that series. 
vy, Along the centre line of the chart, the coincidence 
adjustment setting which would have given a perfect 
result for that range, ae | 
vi, The accuracy figure for each range, plotted in its position | 
with regard to an accuracy seale on the left, 


8, An accuracy chart will be started for each man after the 
fourth day’s work. , 


4, Until a recruit range-taker has been taught to adjust his 
instrument by means of a single series, the accuracy figure 
plotted on his chart will be the mean of the accuracy figures 
of all ranges taken to known range points during one day’s 

ractice. The adjustment setting, which would have given 
ee a perfect mean for the previous day’s work, will not be 
recorded on the centre line, but will be the setting used during 
the whole of the next day’s practice. ? 

5, When a range-taker has been taught to adjust his instru- 
ment by means of a single series, the accuracy figures plotted 
on his chart will be the results of single series on known 
range or infinity objects. The results of all ranges. taken 
need not be entered, but merely sufficient to show his progress 
and to record the setting which he requires on his instrument 
under the recorded conditions. | 

6, A trained range-taker should record on his chart the 
consistency figure of series for which this has been worked out. 
A convenient method of doing this is shown on the specimen - 
chart. 

7. As soon as it is found convenient, the men may be 


taught to keep these charts themselves. 


8. These charts should be readily accessible to the men, as 
their value in giving information is even greater than their 
value as a test of progress, 


a 
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SECTION 11.—CONSISTENCY 


Lesson 10.-Caiculation of consistency 


Instructor’s Notes 


Work out on the biackboard one or two examples om tho 
yards and infinity part of the scale. 


The class work out their own C.F. for some of their 
previous series. 


Do not labour consistency. itis possible for a vange-iaker 
to be accurate although noi consistent. However, itis probabie 
that his consistency will improve in line with his accuracy. 


No effort should be made io bring down the consistency 
figuve of a man whose accuracy figure is satisfaciory, because 
it is not desivable to encourage a man to try ioo hard to 
make every coincidence perfect. Each man should note the 
normal consistency figure with which he gets good accuracy. 


When consistency figures are worked out for @ series of 

which the accuracy figure is put on the man’s chart, the 

— consistency figure should also be plotted on the chart in the 
manner shown on the specimen chart. 


i. Consistency is the “size of the group’ of readings, 
When taking ranges in the field under bad conditions, if there 
is sufficient time, such as in defence, the range-taker must 
work out the consistency of his series to discover the probable 
accuracy of the result. Conditions may exist where the ranges 
he takes are unreliable, and be must know whether this is so 
or not, 


it will be found that the normal consistency figure of a 
trained range-taker is about 57? in good conditions. This 
may vary slightly with different men, the standard set being 
in accuracy and not in consistency. In bad conditions, 
however, the consistency figure and the accuracy figure will 
vary. : 


Any large variation in the consistency figure should warn 
a range-taker to suspect the accuracy of the series, 
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2. Hxampies of the caiculation of consistency i-— 
Range scale _ Infinity seale 
Reading Residual Reading Residuai 

! - : 
1850 il — O68 0-6 
1840 H 0-6 0-8 
1880 — as — 04 0-2 
1810 29 — 10 0-8 
1840. ] 0-2 0-4 
1870 31 0-8 1-0 
1850 > tae 0 0-2 

1810 29 em QD 0 
1800 39 0 0-2 
1840, i — 038 0-6 

160}38390 10)194 pius 1-6 106)4:8- 
— minus 3-2 nae 
1839 19-4 cen 0-48 (Mean 
(M.O.R.) (Mean 10)minus 1-6 residual) 
residual} aaa 
—0:16 (M.O.R.) 
Consistency 19-4 Consistency . 
figure “y* of M.O.R. figure 0-48 x 10 
= Gy? = 4:87? 


_ Notes on the infinity calculation. ‘ 


(1) The M.O.R. is taken only to one place of decimals (in 
this case, - 0-2 for — 0:16) in calculating the residuals. This 
saves labour, and is sufficiently accurate, 

(2) If any difficulty is experienced in calculating the 
difference between the M.O.R., and readings with the opposite 
sign, or infinity itself, a diagram should be drawn of the range 
scale with an arrow at the position of the M.O.R. The distance 
of the arrow from the position of each reading should then 
be apparent. 
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SECTION 12.—RANGE CARDS 


Lesson 11.—-Construction of range cards 
Insivuctor’s Notes 


The construction of vange cards can be practised in three 
ways :— 


1]. Give the class figures from which to construct a range- 
cava indoors. 


2. Mark on @ sand table the range-taker’s position and 
six points which are required on a range-cavd, Each vange- 
taker will measure the vanges by a ruler ov a scale on the side 
of the table, judge or measure the angles, choose his own 
ek vay, and make out the range card form and range 
card. 


3. Give six easy objects outside, Each man will take the 
vanges and make out his range card form and vange card. 
The vanges need not be known ranges, but any range which 
differs greatly from the average to that point should be in- 
vestigated. No time limtt should be given at first, but any 
waste of time should he discouraged. 


1. Detailed description of range cards and the method of 
recording ranges on the card are contained in Pamphlet No. 2 
of this series. 


2. Before completing the range card, range-takers should 
prepare and complete the form described in Appendix VII, 
para. 3. From this detail the range card can be constructed 
under cover. 
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SECTION 13.—TAKING RANGES UNDER 
DIFFICULT CONDITIONS 


Lesson 12.—Difficult objects 


Instructor’s Notes 


Give three or four difficult targets. When tie class have 
taken the vanges, question them as to the methods used and 
discuss the best. 


1. Where no portion of the object to which the range is 
required is a straight line, it will not be possible to make 
coincidence as described in Sec. 7. In this case it will be 
necessary te choose a distinct mark on the object, and bring 
the two images of that mark so that they touch the dividing 
line in the centre of the field of view, without actually cutting 
the line (see Fig. 14). A series of “ coincidences ’’ will be 
made in this way alternately from right and left as before. 
The more accurate the halving adjustment the easier and more 
accurate will be the making of coincidences. Accuracy will 
not be so gocd as when a straight line is available, and, where the 
point is not very distinct, the consistency of a series should be 
worked out to discover whether the range is reliable or not. 








Fig. 14.--Showing coincidence by symmetry of images. 


2. A moderating glass is provided in the right eyepiece, 
which may be used to moderate very bright light, or to make 
the view clearer in mist. The range-taker may use it whenever 
he likes, and, if the light is unpleasant, he should try the glass 
to see if it helps. The glass has no appreciable effect on 
accuracy, but the more comfortable the conditions are for 
the range-taker the more accurate are his readings likely to be. 


3. The astigmnatizers must be used for adjustment on a 


| 


» 
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star, and for taking the range to a light at night, They wili 
also be of assistance in taking the range to a light patch, such 
as a white stone, by day. ; 

If the range is required to an object on which there is no 
definite point on which to make coincidence, the astigmatizers 
should be tried. It will sometimes be found that a mark on 


the object is drawn out into a light or dark line on which it is 


easy to make coincidence, but care must be taken that the 
line is formed by a mark on the required object, and not by 
some mark nearer or farther away than the object, which 
might appear to be a line crossing the object required, 


Lesson 13.—Taking ranges in rain and shimmer 


1. Rain does not affect accuracy unless it is entering the 
front windows of the instrument. Under these conditions 
it is impossible to obtain a reliable range, and the instrument 
must be protected by going under the lee of a haystack or 
into a shed, or by improvising some form of shelter, 


2, Shimmer is the rising of hot air from the ground. It 
causes the two images to vibrate independentiy of each 
other, and it becomes very difficult to make coincidence. 

When images, owing to shimmer, are not stationary, the 
only method of judging a coincidence is by deciding that the 
upper image moves the same amount to the right and left of 
the lower image. , 

Shimmer occurs tiainly when the line of sight is close to the 
ground ona hot day. It may be greatly reduced, particularly 
when caused by a near crest, by raising the instrument above 
ground level, on top of a post or vehicle, or by taking the 
ranges from the window of a house or the top of a haystack. 

Reasonable results will normally be obtainable, but in some 
cases it may be impossible to obtain a reliable range. Where 
there is doubt, the consistency of the series must be worked out 
to discover whether the range is reliable or not, 


Lesson 14.—Taking ranges to moving objects 


1. It is impossible to obtain a series of readings to a moving 
object, as the actual range alters between readings. Also, it 
is impossible to obtain a reliable range unless a series of 
readings has been taken. 


2. The range must therefore be taken to some point near 
to which the moving object will pass, and the fire controller 
must be given this range in time to allow him to give an 
anticipatory fire order on this point. Ranges already on a 
range card may be available for use in this way. 
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3. Ji it is impossible to obtain the range to a point ahead 
of the moving object, as would be the case with an object at 
sea, each reading taken to the object itself will be called out 
to the fire controller or to an assistant. A reliable range will 
not be obtained, but to some extent the readings will check 
each other, and a rough estirnate of the correct range will be 


_ obtained, 
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SECTION 14.—CONCEALMENT AND FIELD 
DUTIES 


Lesson 15.—-Positions and concealment 


Iustructov’s Notes 


1. Show different positions, and practise class. 


2.. Practise class taking ranges from different pieces of 
ecver, insisting that the steadiest position possible is always 
laken up. 

3. Class take tae same range boih lying and in some 
other position, and work cui the consistency of the two series 
to compare thety probable accuracy. 


1. The range-finder is very difficult to conceal, because it 
must be set up. so as to give a clear view from both windows, 
and, being a straight object, it is easy to see. 

The range-finder can sometimes be concealed behind a bush 
or a tree, with one window looking round each side. When 
this is not done, the background must be considered, and 
skylines particularly avoided. The straight line of the 
instrument must be broken, whenever possible, perhaps by 
placing a piece of bush in front, and at times it may be 
necessary to use the range-finder at some distance from the 
section position 

2. A lying position should be used, if possible, because it 
is the steadiest and most comfortable, If this is not possible, 
the instrument may be used sitting, kneeling or standing, but 
accuracy will be less, and, where there is doubt, the consistency 
of the series must be worked out to ensure that it is reliable. 
Whichever position is used, the stand of the range-finder and 
the elbows of the range-taker must be rested, even if only on 
the range-taker’s chest, and the instrument or the man’s body 
or leg maust be rested of steadied in the best possible way. 


Lesson it.—Field daties 
Instructor's Notes | 

Explaim dates in various roles and question stass. 
Arvange exercises without troops, tnsiructor acting as 
section commander, one of the class as orderly, ete., while 
the remainder of the ciass waich and criticize. Stop the 
exeveise where necessary to bring out the points required, 
Exercises should be carefully worked out beforehand, and 
should imciude all the voles of a machine gen platoon, 





viii. 
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J. The field duties of the medium machine gun platoon are 
given in Pamphlet No. 7 and those of the 3-inch mortar platoon 
in Pamphlet No. 9 of this volume. They are taught in head- 
quarters training, but the range-taker should have a sound 
groundwork before he does headquarters training, and in- 
struction must therefore be included in range-taking training. 


2. The range-taker is responsible for the following :— 
i. Checking the adjustment of his instrument at frequent 


intervals by the best means available. 

Ensuring that his astigmatizers and lath are in order, 
by putting them through their tests occasionally 
(Appendix IT). 

Writing down all series in such a way that they can be 
checked afterwards, or the number of readings 
increased. 


iv. Knowing or asking the time available to take ranges, 


so that he can decide on the number of readings to 
take. 


. Never giving a range unless he has taken at least four 


readings, and found the mean on paper. 


i. Warning the fire controller when he suspects that a 


range is not accurate, because of difficult target or 
conditions, and calculating the consistency so that 
he can give some idea of its probable accuracy. 

Giving all ranges as he obtains them. He will not give 
them to the nearest 50 yards, and will not correct 
them for his distance from the fire controller unless | 
specially ordered. 

Reminding the fire controller to correct ranges for the 
range-taker’s distance from the gun position, when 
necessary, by giving the range as ‘‘so many yards 
from here.” 


. Observing fire, giving the fire controller the distance 


in yards of strike from the target. If strike is not 
visible, taking the range to the target. 


. Making out a range card whenever he has time, and 


giving it to the fire contxoller. This.is an exception 
to vii., above; the ranges on the card will be cor- 
rected for the position marked on the bottom of the 
card, which will normally be the gun position, but 
they will still be given as accurately as possible, not 
to the nearest 50 yards. 


3. The range-taker should be practised in indicating objects 
both as seen by the naked eye and as seen through his instru- 
ment, the latter to be recognized by the fire controller using 


field glasses. 
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In certain cironmstances it may be advisable to send the 
range-taker under cover, after he has obtained the necessary 
ranges, both to protect a valuable man and instrument, and 
to hide the instrument from enemy observation, The instru- 
ment is, however, a very good telescope, and it nay sometimes 
be an advantage to use the range-taker as an observer when 
no more ranges are required, 

Whenever possible and especially to observe fire, some 
knowledge of beaten zones is required, and the range-taker 
should be given every opportunity of practising observation 
of fire, during the firing of Parts III and IV of the Medium 
Machine Gun Course (War) and the Mortar Range Course 
(War), see Pamphlet No. 18 of this volume. 

The fire controller is at all times responsible for detailing the 
points to which he requires the range taken by the range-taker, 
as the fire controller is the one who is in the best position to 
do this; he is more in the tactical picture. 

A range-taker should, however, take every opportunity, 
when not otherwise required for observation purposes, etc., 
to improve the arc of fire by taking ranges to other objects. 


4, The range-taker must work with the fire controller as a 
ateam. He should know what orders to expect, and what his 
duties will be. A brief summary of his duties is ;— 


i, Atiack.—Takes ranges while the section commander 
selects gun and control positions, but may be some 
distance from section area. He must return in time 
to give range to first target when required, and then 
may be ordered to complete range card, to observe 
fire, or to go back under cover. 


ii, Defence,—Construct a range card. An extra range card 
may be required for riflemen from the alarm post. 
Both cards to be improved and checked frequently. 
He will have to take hie place on the N,C.Os,’ or men’s 
duty roster. 


ili, Withdrawa!l.—Longer ranges are required at first. The 
range-taker may have to select points for his own 
card, when sent back to an intermediate position. 

iv, Indirect jfive.—-Oné range-taker is required by the 


platoon commander, the other by the senior section 
commander at the gun position, 
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SECTION 15.—RANGE-TAKERS’ TESTS 
General 


1. A trained range-taker should work to an accuracy figure 
(A.F.) of 878 in good conditions, and in training he should 
seldom be above i6r*.. On service, conditions are likely to be 
worse than in training, and an accuracy figure within 2574 
will satisfy the machine gun fire contro! and safety rules. 

An examination of each range-taker’s accuracy chart will . 
show whether he is normally within these figures, and, if he is, 
he is fit to undergo the annua! test. 

2. Iwo tests will be passed annually by each range-taker :— 

i. Test of elemeniary training.—Each range-taker to be 
passed during the individual training period under 
company arrangements. The recruit range-takers 
should pass this test during their third week of train- 
ing. A man may repeat the test until he passes, 

ii, Annual test.—To be carried out annually under 
infantry brigade and machine gun battalion arrange- 
ments during suitable weather. Any man who fails 
to reach first-class standard may be retested once 
only before the end of the weapon training year, and 
his qualification will be the highest that he has 
attained in the test or retest. 

3. Commands will assist in the arrangements for the range- 
takers’ tests. Application for survey of ranges should be made 


in sufficient time to allow the survey personnel to choose the 


most suitable time for their work, with regard to their own 
training programme. 

Methods of obtaining known ranges : are given in Appendix 
III. The work should be entrusted only to an officer who 
can calculate the unavoidable errors in his figures, and a 
surveying officer should always be required .te state the 
maximum error of the ranges which he provides. 

4, All ranges found for tests should ‘be carefully recorded in 
the form given in Appendix I[I, and the exact position from 
which they were found should be marked on the ground. 
Ranges for tests should be taken from as sheltered a position 
as possible, the direction should not be towards the sun, and 
it is an advantage if the line of sight passes over a valley to 
avoid shimmer. It is advisable, if ranges are likely to be 
required for subsequent tests, that they should not become 
known to men undergoing tests. 

5. Inciuding the adjusting ranges, two ranges are required 
for the test of elementary training and nine for the annual 
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test. If newly surveyed ranges are not available, both tests 
may be conducted with falsified ranges. These falsified range 
tables are shown at Appendix VIII. Alternatively, for the 
T.E.T. only, a N.C.O. may be placed in front of the range- 
taker under test to check his readings through the front range 
scale window, 

In calculating values of ¢*, sufficient accuracy is obtained 
if y is regarded as the range in thousands of yards to the 
nearest decimal place. 


Test of elementary training 


6. Partl. Oral test. . 

About five questions will be asked on care and cieaning, 
methods of taking ranges and adjusting instrument, field 
duties, etc. The qualifying standard will be 60 per cent, 
and the man will be recorded as “ pass "’ or “ fail,’’ 


7. Part 2. Practical test. 

The man will be shown two good straight line objects 
between 2000 and 3000 yards, in approximately the same 
direction. He will be told the true range to one of them, 
The range should be known to within r’. 

He will then adjust his instrument on the point to which 
he has been given the range and take the range to the other 
point. This range should be known to within 2r?, 

The man will be marked as “ pass’ if his accuracy figure 
is 8y* or less and his time fer adjustment and taking the 
range 20 minutes or less; otherwise, ‘‘ fail.”’ 


Conduct of annual test 
8. Not more than 12 men will be tested at one time. 
A separate base may be used for adjusting instruments, if 
this has been surveyed. [Each detail of 12 men should take 
about 50 minutes, or 35 minutes for details aiter the first 
if a separate base is used for adjustment. 
9. The following stores are required for the test :-— 
‘Six directors. 
About 30 yards of rope for each base. 
Three stout pegs for each base to be marked. 
One stop watch. 
Record sheets, according to the number of men, to be 
tested. 
Tape, 2 yards (for marking off the rope at six-foot 
intervals. 
Tabs, 9-inch (for placing on the directors (see Appendix VI, 
para. 3, li). 
Paper and boards. 


» 
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10, From the centre of the base, which must be the marked 
and surveyed point, a right angle to the centre of the arc 
containing the targets is measured and marked with rope. 
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Fig. 15,—Calculation of allowances for objects outside 4° arc 
from line at right angles to centre of base line. These 
allowances will be added te or subtracted from the ranges 
obtained by the range-taker. 


A length of tape is tied to the rope at each six feet from the 
centre to mark the position of each range-taker. Six positions 
are marked on each side of the centre peg. If a separate 
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base is used ior adjustment, this is marked out in the same 


way, at right angles to the line to the adjusting point. 


11. If any cbject used in the test is not within four degrees 
of the line at right angles to the centre of the base, then the 
range from each end of the base cannot be taken as being the 
same as the range from the centre, which is the surveyed point. 
Allowances will have to be made in the following way (Fig. 15): 
Mark from the centre of the base a line at right angles to each 
point which is more than four degrees from the centre line. 
Measure the distance from the end range-taker’s position to 


_that line, in the direction of the object. This distance must be 


added to, or subtracted from, the end range-taker’s result before 
being entered on the record sheet. The correction will be the 
same for the two end range-takers, but in opposite directions, 


and will be in proportion for other positions—5/6, 4/6, 3/6, etc., 


of the full correction, 

If corrections are made in this way, it is necessary to mark 
the position of each range-taker with a letter or number, and 
to ensure that each result handed in is marked to show the 
range-taker’s position on the line, 


Annual test practice 


12. At least two practice annual tests should be performed 
in the fourth week of training. One set of known ranges for 
the test is sufficient for any number of practices. The ranges 
must be accurate, however, and the tests should be conducted 
exactly as laid down. 


13. In order that the men may be tested by the instructor 
on one of these occasions, the test should be carried out at 
least once either :—- 


i, With ranges which are not known to the men, 

ii. With falsified ranges. 

iii, With a “ reader’ lying down in front of each man to 
ensure that the working head is turned off for each 
coincidence, and the range scale window is kept closed. 
The range-taker will call out each range as he reads 
it, and both he and the reader will write it down. The 
reader will also check each reading through the front 
range scale window. 


o» 
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APPENDIX I 


A SUGGESTED SYLLABUS OF TRAINING 


1, The last half-hour of each day’s work should be devoted 
to : (i) working out the day’s results, (ii) revision of all previous 
work, and (iii) short talks on such subjects as the importance 
of making coincidence from alternate sides, or the effect of bad 
halving, etc. 


2. The hours allotted to taking ranges are necessary for 
increasing accuracy and skill in the use of the instrument in the 
field. 

The number given in each stage is considered to be the 
average which will be required. They may be varied ac-. 


cording to the progress of the class. 


Hours 
ist Stage—About four days 
Introductory lecture .... ey ap Fe eee 
General description—Packing and unpacking 
(Lesson 1) : bus tii ae 
Care and cleaning then 2) 2 
Setting up instrument and focusing heen 3) 1. 
Making coincidence (Lesson 4) 2 
Halving adjustment (Lesson 5) ae 
Calculating accuracy. Figure and codnicie ee. Ad- 
justing scale setting. _(Appendix V and Lesson 6) 3 
Taking ranges to complete stage rey bss 8 
2nd Stage—<About five days 
Accuracy charts (Sec. 9) 2 
Making range cards (Lesson 11) . 6 
Taking ranges in rain and shimmer (Lesson 13) 1 
Taking ranges to complete stage Nae ssh Jes VG 
3rd Stage—About four days 
Coincidence on difficult objects (Lesson: 12) ... aa 
Calculation of consistency (Lesson 10) Ie marques: 
Making range cards (Lesson 11) __.... Pa A 


Taking ranges to complete stage ak es ae ke 


Ad 
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Hours 
4th Stage—About six days 
Adjustment on known range (Lesson 7) 1 €i 
Practice adjusting instruments on known range + ip) ) APPENDIX If 
Adjustment on infinity (Lessons 8 and 9) 1 : bial 
Practice adjusting instrument on naturalinfinity ... 2 i INSTRUMENT TESTS 
Practice adjusting instruments on Artificial Infinity... 4 Wy 1. The two tests given below provide a means of testing the 
Test of elementary training (Sec. 15)... 2 R: astigmatizers and lath in the field, and a range-taker must 
Instrument tests (Appendix II) va Cae se Cates , never adjust his instrument on a star or on the lath unless he 
Annual test practices (Sec. 15 and Appendix VII)... 6 | ay te sep EN ag ser esr ne BPEropnate vite ay 
: : ese two tests are supplementary to the annual test o 
Faking See ee ee ae Ce 4 instruments given in the Handbook of the Range-Finder, 
ce No. 12, 1933. The annual test requires the use of known 
aban al La pits eh ranges which will not be available in the field, yet the astig- 
Use of cover and positions (Lesson 15) f 2 inatinen dba tath tiat Bel teated! 
Taking ranges to moving objects (Lesson 14) 3 
Field duties (Lesson 16) v 8 i. The test of the astigmatizers. 
Taking ranges to complete stage $3 3 Pee Choose an object on which good coincidence can be made 


with or without the astigmatizers in use. 
Take a series of 20 readings, in pairs, alternately with and 
2 without the astigmatizers. 
Py The mean of the ten readings with the astigmatizers should 
not differ from the mean of the ten readings without them 
by more than 8r? of the M.O.R. of the series taken wfthout the 


astigmatizers. 
Example. 
A with astigmatizers M.O.R. 1274 
: B without i M.O.R, 1262 
12 
oe ane 
D by 72 of B = — = — = 77? 
ivide by 7? 0 a Be, 77 


ii, The test for difference in length between the adjusting 
lath and the base of the range-finder. 


Adjust the instrument on a natural infinity (moon by day). 
Set up the lath at about 200 yards from the range-finder, great 
care being taken that it is parallel to the base of the instrument. 

Take a series of ten readings on the lath. The accuracy 
figure should be less than 107? (one division). 


Qi ¥ D 2. As in the adjusting of his instrument, the range-taker 
should work out the consistency of the series taken, to ensure 
that the results are reliable. 
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* APPENDIX III 


EXAMINATION AND TEST OF 
RANGE-FINDERS 


A.—EXAMINATION 


This examination will be carried out periodically in the unit 
to ensure that the instruments are free from such defects as 
can be ascertained without dismantling. It will also be 
carried out before the annual R,A.O.C. inspection of range- 
finders. 


Procedure 
i. Examine the range-finder to see that it is complete—no 
screws missing, etc.—and that there are no dents in the outer 


tube. 
The revolving rings (Mark III) should move smoothly. 


ii, Examine the lath adjusting to see that no damage or ° 


excessive wear has occurred. 
iii. The case, canvas cover, and stand should be in a service- 
able condition. : 

iv. Uncover the end windows and direct the eyepiece 
towards the light. On looking into (not through) the windows, 
the optical parts should appear clean and unclouded. 


v. Mount the range-finder on the stand. The range-finder 
‘body should rotate freely in the rings of the carrier plate. 
Direct the instrument to the sky, avoiding the sun, and focus 
the dividing line. The upper and lower fields of view should 
appear clean and free from dust of filming, 


vi. Depress the instrument on to a distant object. The 
images in both fields of view should be sharply in focus. 


vii. The coincidence adjusting head (Mark III) should move 


in and out freely, and the coincidence adjusting head (Mark IV 
and V), and the halving adjusting head (all Marks), should 
move with decided clicks. 

The working head should move freely. It should be 
possible to feel a slight freedom between it and its pinion, 
which is mounted on the inner frame. 

The focusing adjustment should work smoothly. 
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The moderator disc and cover for left eyepiece (Marks 1V 


' and V) should rotate freely, and the moderating glasses should 


be clean. 

The astigmatizers should snap in and out with a decided 
action. 

viii. Set up the lath at 300 to 500 yards (see Lesson 9). 
Adjust the range-finder on the lath. If the coincidence ad- 
justing scale by the left window reads more than 12 divisions 
from 0, the range-finder should be returned to R.A.O.C. for 
correction. 


ix. Place the astigmatizers in action. The fields should 
remain clear and without shadows. 


x. Should the range-finder be found defective in any way, - 
minor repair and cleaning may be carried out by the armourer, 
if workshop conditions and tools allow. . ! 

Otherwise the instrument will be returned to the R.A.O.C. 
Detailed testing is carried out by R.A.O.C. after repair. } 

After repair by the armourer, instruments will be tested by 


range-takers. 


B.—TEST 


Immediately before the annual R.A.O.C. inspection of range- 
finders, testing will be carried out by qualified range-takers 
under the supervision of an officer who has qualified in the 


. range-finder course at the Small Arms School, N etheravon, 


Ahmednagar, or at the Military College of Science, Woolwich. 
Lhe results of this test, and any defects or doubtful points, will 
be brought to the notice of the O.M.E. 

A range-finder will also be tested at any time that in- 
accuracy is suspected. : 

The object of the test is to ascertain that the range-finder, 
when adjusted, will give ranges to the expected degree of 
accuracy. The test must be carried out deliberately, and 
only under good conditions of weather and observation. 

Each instrument will be tested by two qualified range-takers. 
If any instrument fails in the following test, a report, showing 
the results obtained, will be forwarded to the A.D.O.S. of the 
Command, 

The following tests are the only tests to be carried out in the 
unit. Detailed tests to identify particular faults are applied 
by R.A.O.C. and C.I.A. 


Procedure 

i. Select two easy targets, one about 1000 yards and one 
between 4000 yards and 6000 yards. The ranges from the 
testing position to the points must be known to within 7?. 
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ii, Adjust the instrument on the longer range. — 


ill. Set up the lath adjusting (see Lesson 9). The mean 
deviation of a series of ten readings on the lath should be less 
than 107% (one division). 


iv. Take a series of ten readings on the shorter range. ‘The 
mean deviation should be less than 872. 


N.B.—The mean residual will be calculated to check the 
consistency of each series taken. If this exceeds the man’s 
normal consistency figure the test is not reliable. 


v. Repeat test iv. with the astigmatizers in action. The 
mean deviation should be less than 87?. 


vi. “ Rough treatment,’’ which should consist of shaking the 
instrument thoroughly in the hands, without dropping or 
jarring, should be applied, and test iv. repeated. 


= = 4 
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APPENDIX IV 
DETERMINATION OF KNOWN RANGES 


1. Known ranges are necessary for the training of range- 
takers, and it must be ensured that they are known with 
sufficient accuracy. : 

No known range should be used in training or in tests unless 
there is a record of how it was obtained, and of the maximum 
error. The maximum error must be :— 

i, For adjusting the instrument—less than +, 
ii. For testing the man—less than 2y?, 


During the first stages of training, ranges may be used which 
are not so accurately known, but the maximum error must 
always be small compared with the error which the man may 
make. 


2. In general, the determination of ranges should be 
entrusted to a surveyor, or an officer who has some knowledge 
of the errors which he may expect to make. Some idea of the 
methods of calculating these errors is given below. 

When found, all ranges should be recorded in a book, showing 
the method by which they were obtained and the maximum 
error. The two ends of the range should be adequately 
described and, if necessary, should be marked on the ground 
in some permanent way. 


3. Measurement by survey.—This is the most satis- 
factory method, where military survey personnel are available. 
The accuracy required should be specified before the survey, and 
the accuracy obtained must be given by the surveying officer. 


4. Calculation from trigonometrical co-ordinates.— 
A list of trigonometrical points and their co-ordinates may be 
obtained from command headquarters. The distance between 
any two of these points may be found by calculation, as follows : 
Subtract the east co-ordinates and subtract the north co- 
ordinates. The two figures obtained are, in metres, the lengths 
of two sides of a right-angled triangle; the third side is the 
range required, and this can be calculated and converted to 
yards. The maximum error in the trigonometrical points will 
be less than one foot. 

A range found in this way may be altered by means of the 
steel tape and range-finder methods described below. 


5. Measurement with steel tape over fiat ground.— 
This method is not accurate over long distances without the 
use of special instruments, but it can be used for the measure- 
ment of distances up to 250 yards in increasing or decreasing 





50 


a surveyed range. The maximum error may be taken as the 
sum of the maximum errors of the survey and of the measure- 
ment by tape. The error in using a steel tape is not likely 
to exceed 1 per cent. 


Example. 
Surveyed range of 2000 yards. Maximum 
error stated by surveyor to be (say) «- 3 yards, 
200 yards measured away from base. 
Maximum error of measurement ... «- 2 yards, 


Maximum error of new range of 2200 yards is therefore 3 plus 
2 yards = 5 yards. 

As 5 yards is lv? of 2200 yards, the new range is known to 
within 4, . 


6. Measurement with the range-finder.—-The maximum 
error of a trained range-taker in good conditions on a good 
object immedjately after adjusting his instrument is 87%. 
This is not sufficiently accurate for practising other men, but 
greater accuracy may be obtained by the following methods. 

When using methods i. and ii, to ensure that there is 
no unusual error, it is advisable for two trained range-takers 
to take the ranges, and for them to check the adjustment of 
their instruments again afterwards. 


i. A surveyed range may be increased or decreased by a 

_ distance of more than 250 yards in the same way as 

with a steel tape (see para. 5, above). In calculating 

the maximum error of the new range, the error of the 
range-finder on the distance is taken to be 87%. 


ii. If a fairly long range is taken in sections, it will be found 
that greater accuracy is obtained. For instance :— 


Error in taking a range of 2000 yards (87? of 2000), 
32 yards; but error in taking half the range (8r of 
1000), 8 yards. : 

So, if the two halves were taken and added together, 
the error will be only 16 yards, instead of 32 yards. 

The more sections taken the more accurate will be 
the range. Ifa range is taken in four approximately 
equal sections, the accuracy will be within 2r?, and, if 
in eight sections, within ,?. 

This method will only be possible on flat ground. 

ii, If a range is taken several times on different occasions, 
or by different range-takers, the mean of all the series 
will be more accurate than if only one series were taken. 
The accuracy increases as the square root of the 
number of series, so to obtain an accuracy of 27? 
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the mean of 16 series must be taken, and to obtain 
an accuracy of r? the mean of 64 series is required, 

. This method of finding known ranges will be found 
very useful, because it is only necessary to collect 
the results of trained range-takers in their normal 
practice over a sufficiently long period, and a great 
number of ranges will be obtained. It must be 

ensured that every series used is by a trained man, 
on a good object, and immediately after adjusting 
his instrument. 
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7. Measurement from a map.—Maps do not give ranges 
with great accuracy. When used, they must be clean and 
unfolded, and points must be accurately located. The chief 
error is likely to be the distortion of the map, and this must 
always be allowed for by one of the methods described below, 


i, On a gridded map, read the co-ordinates of the two 
ends of the range required as accurately as possible, 
and then calculate the range in the manner described 
in para. 4, above. This method automatically allows 
for most of the distortion of the map. 


ii, Make several measurements with a ruler measuring in 
one-fiftieth inch, or graduated in yards and feet, 
and find the mean of all the measurements taken. 
Distortion must then be allowed for, and this will 
normally be different in different directions of the 
map. If two trigonometrical points can be selected in 
approximately the same direction as the range 
measured, the distance between these should be 
measured On the map, and the true distance calculated 
as described in para. 4, above. The difference between 
the calculated and measured distances will show the 
error of the map in that direction, and the measured 
range can be altered in the same proportion. 

When the range has been taken from a map by 
either of these methods, the error can be taken to be 
0-04 inch. Ona 6 inches to the mile map this represents 
11-7 yards, and on a 25 inches to the mile map it 
represents 2:3 yards. Thus on the 6-inch map only 
ranges of over 3400 yards can be found to within +3, 
and ranges over 2400 yards to within 27%, The 
25-inch map gives the same accuracy at about half 
these ranges. 

There are certain aids to measurement, such as a 
travelling microscope, which will increase thé accuracy © 
obtained, and these should be used whenever possible. 
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APPENDIX V ® ie oe ae 
. 
)) » 600 a a 
VALUES OF r° y an ‘ 
e | 50 1 1 
1, All errors in range-taking are given in terms of r?, which ; 800 Picton 5 
is the square of the range in thousands of yards. The following ¥ a : 
example shows the method of calculation. A 50 1 2 | 
Range, 1700 yards. + is 1-7 x 1:7. 2-9 yards, i "30 : 
a ll l 
Error, 20 yards, which is 5.8) y*, or 7r, a 50 1 3 
; ; ie . 200 
where the error given may be either a mean deviation : 50 : 3 
(accuracy) or a mean residual (consistency). : | vip 74 : : 
For convenience in working out accuracy and consistency pi vary ae cy” aM RA 
figures in training, a table of ‘‘ values of r?’’ is given in this i) 50 2 4 
appendix, and a calculator is issued for the use of instructors. ‘| ct : : 
2. Instructions for using tabie of values of r?.—_ ih sh 3 5 
The range is given on the left of the table, the accuracy - i ned : : 
figure (A.F.) or consistency figure (C.F.) along the top, and i a arin 
the number of yards in the body of the table. i 9° eve 2 
4 
: 50 4 8 
Example. ! 2000 ‘ : 
i. Required—14r? at 1450 yards. , Maal a oe 
At 1450 yards 10r? is 21 yards. can ; ms 
Artis 8 yards. i ety 
so 147" is 29 yards. | ’ 50 8 Il 
400 12 
ii. Required—the A.F. or C.F. for 99 yards at 2750 yards. ; rou : = 
At 2750 yards 76 yards is 10r? "50 7 3 
remainder 23 yards is 37? 780 ; 14 
so 99 yards is 13r? 2700 7 15 ne am 
3. Use of range-taking calculator.— ae Bh, te 
Set the “ r? ” arrow on the foot of the slide against the range. 2900 8 17 
Tben the A.F. or C.F. at the top of the slide will be opposite iene : a 
the number of yards on the upper scale of the rule. 50 9 19 
| 3100 10 19 
50 10 20 
Exam pie. ) 8200 10 20 
7 | 50 11 21 
Range 2120 yards (set arrow as near as possible). ) f d ‘aaa bo ie ee Lee aa oa bia 
6y* (6 on the slide) is 27 yards (on upper scale); . . 04 1} 22 
and 40 yards (on upper scale) is 9v? (9 on slide). op re a 


3500 12 24 


op ne ee 











ee ————————— 
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APPENDIX VI 


APPARATUS, TRAINING RANGE-TAKERS 
1, This apparatus is designed to allow of the training of the 


range-taker indoors where outdoor facilities are not available. . 


The apparatus consists of an arrangement of lenses and 
mirrors which allows a range to be taken to any photograph, 
sketch or lantern slide, using an ordinary range-finder. 

The apparatus is very inaccurate, because the fitting of 
the slide or picture to the holder and the type of slide or picture 
used not only cause a large variation in the general range to 
the picture but also in the range to different parts of the 
picture, 

The apparatus has a pointer which may be set to “ short ”’ 
“medium ”’ or “long’’ range, which can be set to give approxi- 
mately the range which it is desired to record. 


2. Training on the apparatus should follow as nearly as 
possible the sequence laid down for outdoor work. 


3. In the first stages of training it will be sufficient to 
practise the range-taker in taking series without any testing, 
except that the instructor should sometimes check the readings 
of the range scale by looking through the left eyepiece, 


4. Owing to the inaccuracy of the apparatus, a known range 
is not available, but the adjustment of the range-finder can be 
practised in the following way :-— | 

i, The range-taker takes a series of readings. | 

ii, The instructor gives a true range, which is about 6r? to 
1572 from the mean observed range. 

iii. The range-taker works out his accuracy figure, moves 
the coincidence adjusting head accordingly, and 
takes another series. The mean observed range 
should now be within 5rv4 of the supposed true range. 


Notes.—-The range pointer on the apparatus must not be 
moved, and the slide or picture should not be touched, between 
these two series. | : 

Coincidence must be made throughout not only on the same 
object but on the same part of the object. 

The adjustment found by this means will have no relation 
to the adjustment required to take ranges out of doors. | 


5. When it is necessary to adjust the apparatus, this will 
be done by an armourer, assisted by a trained range-taker. 
Complete instructions for adjustment are contained in the 
pamphlet issued with each apparatus. 





qn 
Hi 


APPENDIX VII 
ANNUAL TEST 


1. Immediately before the test, each man will be given 
unlimited time to adjust his instrument on a known range of 
between 2000 and 3000 yards. The range to this object, which 
should have a well-defined straight edge, must be known to 
"3, The test is divided into two parts :— 

Part I—Reconnaissance test (attack). 
Part II--Taking ranges for a defensive position. 

2. Part I, 

i, The object is to test the man’s powers of recognition and 
ability to produce without delay reliable ranges on 
two natural objects which represent the position of 
Own troops and enemy; the objects to be indicated 

__ verbally. 

ui, Procedure.—Two directors are laid on objects represent- 
ing :— 

Enemy.—-Range between 1500 and 2000 yards. 

Own troops.—-Range between 1000 and 1500 yards. 

There must be at ieast 200 yards between the two 
objects. 

_ The objects must be approximately in the same 
line and reasonably easy to recognize and range on, 

The men to be tested will set up their instruments on 

‘) the testing site and stand up behind their instruments, 

» wl, Lhe test.—The officer conducting the test will indicate 
the two objects verbally to the men undergoing the 
test. Before doing so he will warn them that the 
indication will not be repeated and that any man who 
fails to recognize either or both objects’ from his 
indication may do so by means of the directors, no 
extra time being allowed. 

At the end of the indication the men will lie down: 
behind their instruments and take the ranges without 
further orders. : ; : 

Time limit (timed from-the end of the indications) : 
3 minutes. 

_ On completion of the test each range-taker will 
hand to the conducting officer the range to “ Enemy ” 
and “ Own troops ” filled in on a prepared slip. 

3. Part II. : 

i. The object is to test the man’s ability to obtain accurate 
ranges on a number of natural objects with a view to 
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transferring the detail subsequently on to a range 
card. There is a restriction in the time available for 
obtaining these ranges. 


ii. Preliminaries.—Six directors will be laid on objects at 
the following ranges :-— 

Three between 1500 and 2500 yards (not more than 
one over 2000 yards). 

Three between 800 and 1500 yards (not more than 
one under 1000 yards). 

Two of the objects will be natural objects without 
clearly defined vertical edges, such as a bush or bank. 
The remaining four may be artificial or natural objects 
with reasonably clearly defined edges. 

The objects will be given appropriate descriptions, 
which will be attached to the directors. 

Each man’s instrument will be set up on the testing 
site. 


iii, The test.—Each man will be given an opportunity to 
recognize each object and make necessary notes. He 
will then stand up behind his instrument. 

On the order to begin, he will obtain the ranges to 
each of the objects. He will select a setting ray 
within the arcs and on the conclusion of the time limit 
will hand in his results, tabulated as follows :— 


Setting TAY ......cccees 





Degrees 


ee aa eT cL 


Right Left 


Object Range 





RIMES uae eee aa uus 
Time limit: 20 minutes. 
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4. Marking and classification. 


i. Each of the eight ranges will be awarded points as 
follows :— 


10 potnis. 5 points. Minus 5 potnis. 
Part I ia within 207? within 252, more than 3572 


Part Ii mis » 1573 SO a ee i Nga Ge 
Possible points, 80. 
ii. Range-takers will be classified as under :— 
Ist Class avi ik se 65 points and over. 
2nd Class ae ep Lane an 
Failed ab ya We Under 50 points. 


ii. 2nd Class and failed range-takers will be given an 
opportunity for a retest on a subsequent date. 





y ® 
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APPENDIX VIII 
FALSIFICATION TABLES 
1. Object 


The object of the tables is to enable a deliberately false 


adjusiment to be put on the instrument. This will make the 
most accurate range-taker make a known error in the range 
to any object. 

Thus—known ranges are capable of almost infinite variation, 
and range-takers can be practised or tested on objects to which 
they may alreadv know the true range. 

It should be realized that accuracy charts can only be kept 
on TRUE ranges, and as many of these as possible should be 
available. 


2. Theoretical explanation 


The table shows the angle in seconds measured at the eye 
by the instrument—base length 80 centimetres—magnification 
14 diameters. 

If the angle on which the instrument is adjusted is altered 
by a certain number of seconds, all other. angles that the 
instrument measures will be correspondingly altered. ‘The 
instrument will then obtain not true but falsified ranges. 


3. Practical explanation 


The first column shows the true range in tens of yards. 

The corresponding angle is shown in the next column 
headed ANGLE—thus 1000 yards = 2526 seconds. 

So far the range has only been found to a multiple of 
10 yards. The remaining columns headed 1 to 9 YARDS are 
used to find the angle for a range correct to a yard. 

The last two figures of angle must be replaced by the pair 
of figures under its respective digit and opposite the tens of 
yards in question ; thus, 1006 yards = 2511 seconds. 

The figures relating to the hundreds of seconds are bracketed 
between bars—example :—1011 yards = 2499 seconds. 

The alteration made for the adjustment must be maintained 
throughout the series and must not be divulged. 

The alteration in angle should be sufficiently large to ensure 
that the ranges are appreciably altered, but not so large as 
to give readings off the C.A.S. adjustment. As a guide— 
107? is 24 seconds, and 40 seconds will alter the C.A.S, 
adjustment by about 1 division. 
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4. To use the tables 


1. Find from the tables the angles measured at ‘he true | 


vi 


2. Add or subtract the angle by which the series is to be 
altered. 


3. Find in the tables the range corresponding to those 
angles. 


Example :-— 
Surveyed range to Ist object 2081 yards—Angle (from the 
Tables) 1214 seconds. 
Surveyed range to a 2nd object 1251 yards—-Angle (from 
the Tables) 2020 seconds. 
The angle is to be increased by 100 seconds. 
i.e. 1214 plus 100 = 1314 
and 2020 plus 100 = 2120. 
From the Tapoles 1314 seconds is the angle for 1923 yards 
and 2120 __,, M BO eg le ame hg 
The range-taker is now told that the range at which to 
adjust on to the first object is 1923 yards. He should then 
produce 1192 yards as the range to the second object. 


RANGE-FINDER No. 12 


TABLE OF ANGLE AT THE EYE 
Range Angle ) 2 3 4 5 6 7 8 9 yards 


ae: oe eapmergs teen tener, 


700 «= 38:09 04 | 99 94 89 84 79 74 SB 
EO SG Be Se ae Ak BO Ok BO Ba Ge ike 
20 0 RA Og A) a a 0 NR 


RE RU Se A?) PR I 








wR ROSE  EAURUNL SUMO ccc OE: AR | RE a a: 
Be 

50 33 69 64.60) 85) ORs Ry 04D) BB BBY 99 
BO ef) ae BO RG A OF OR TOE Gal OMT am 
70 32 Si ce RR i On 7 ee Ry A > 
80 39 ss EA J 9 RED > SOND WB gM DARK 
90) 31 98 O04 SO 86° BB 9S) 96. «70 ee ee 
800 58 CAE CIC: AM: bs UT: Ga 9 AOR A | 
10 da ae BB OB. Oe OO TOG” 92n Bor ae. 
20 TO | MP7 Ny 2 A NE” aa Rs ES De 
30 44 1 aN A WE. UG” 
40 | 08 A Ne YR CE RR: Rem 


50 29775 60 65. 62 58 58 52. 48) 45 42 


Angle 
29 38 


ee 





76 


i ri a et 


a 








00 | 


4 5 
24 2) 
91 ..87 
58 55 
26. 23 
OB ae 
64 61 
34—s 31 
0S . 02 
76 74 
48 46 
21 18 
94 QI 
68 65 
42 39 
16 14 
92 89 
67 65 
43 41 
20 18 
97° 95 
IS. AZ 
52. §0 
31 29 
09 07 
89 86 
68 66 
48 46 
28 26 
0S 07 
89 87 
‘71 |) 69 
52 = 50 
34 = 32 
16° 14 
OR Opa 
81 79 
64 62 
47 8646 
31 29 
15 13 
99 97 
83. 82 
68 66 
S251 


6 
18 
84 


52 
20 


58 
28 


99 
71 


43 
15 
89 
62 
37 


11 


87 


62 
39 
15 


93 
70 
48 
26 
05 


84 
64 
44 
24 


05 


86 
67 
48 
30 
12 


95 


78 
61 
44 
28 


12 
96 
80 


65 
49 


7 
14 
81 


89 


96 
68 


40 
13 
86 
60 
34 


24 
03 


82 
62 
42 
22 
03 


84 
65 


47 


28 
j] 


8 9 yards 
11 07 
78 74 
45 42 
13 10 
82 79 
52 49 
Zo | 20 
93 91 
65 62 
37 = 34 
10 07 
83s 81 
57 55 
32 29 
06 04 
82. 79 
58 55 
34 = 32 
11 09 
88 86 
66 63 
44 41 
22. 20 
Ol | 99 
80 = 78 
60 58 
40 38 
20 18 
01 | 99 
82 = 80 
63—s«6 | 
45 43 
Sf ae 
O09. <) 07 
~ 91 90 
74 73 
Oa 6 
41 39 
24. 23 
08 07 
92 91 
Ye EDR js 
62 60 
46 45 





Range 
1300 
1() 
20 
30 
40 


Angle it 2 
19 43 A2 40 
29 9 I 
14 13 8 | 
00 [98 ~ 97 
18 85 84 83 
71 70 38669 
58 56 55 
44 43 41 
31 29 28 
18 16 15 
05 03 02 
17 92 90 89 
79 FRE 
67 66 64 
54 oa. veg 
42 41 40 
30 29 28 
19 18 16 
16 96 
84 83 82 
73 ie ae 8 
62 61 60 
51 50 3849 
41 40 38 
30 29 28 
19 18 17 
dD 
15°99 O86 Oe 
89 88 87 
79 40) Was 
69 OO. 67 
60 59 58 
50 49 48 
50 40 39 
31 30 29 
22 21 20 
13 12 11 
04 13s AMM 8 
14 95 94 93 
86 85 = 84 
77 we eo 
69 68 67 
60 60 59 
52 51 50 


9 
39 
24 
10 


Sl 


67 
54 
40 
27 
14 


01 
88 
75 
63 
51 


39 
27 
1S 


81 
70 


59 


48 
37 
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16 
06 
96 
86 


76 
66 
57 
47 
38 
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10 
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92 
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58 
50 


ma 


61 
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99 


33 
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50 
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36 
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3 
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37 
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09 
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91 
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07 


ie, eo 


78 
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51 
37 
24 
11 


98 
85 
73 
61 
48 


36 
e 


6 
35 
20) 
05 


As 5 Ns 
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50 
36 


23 | 


10 


97 
84 
72 
59 
47 


35 
re 


7 
33 
18 
04 


ee 


76 


62 
48 
35 
22 
0S 


96 
83 
71 


38 © 


46 


34 
22 
11 


8 


32 
17 
02 


74 


60 
47 
33 
20 
07 


94 
82 
69 
57 
45 


33 
a 


Tae 


9 yards 
30 
15 
0} 
87 
73 


59 
45 
32 
19 
06 


93 
80 
68 
56 
44 


32 
aS 


07 hs = = - a 0 ] : 


790 FB a ie cme 
68 66 65 64. 63 
57.56 65" $8) \52 
46 45 44 43 49 
$5 84 Bea ee 
25) 24. 98.) goes 
14 10 
04 O38 02 Ol 
98 SBT 80 
84 82 

74.73) PO a atts 
64. 63 |). 62) ea et 
55 54 58 52 51 
45). ON a las 
3635 34 33° 32 
97, 26s) Ne ail. ae 
be RNs i SA > NES 7, 
08 907. (07) 06) 05 
99 99 98 97 5G 
91 90 89 gs. 87 
CPO Rs EER 3 Meat: 
> Ay Ra: TN 3 
65. 64 68 62 61 
56 55 55 54 53 
45) 87 46 48 48 
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1750 


Angle 1 2 3 4 5 6 7 
14 44 43 42 41 40 40 39 38 #4=37 ~~ 86 
35 Os 94. (R382 (SR SR ae 9. Bs 
27 O7.96 195 84. 88 ES 98) 21.20 
19 19 RAF oe Re Oe ee TS) 22 
1° X40 10 O08. 08. OR NOR OB 05. 04 
04 03 O02 OL 00 00 Peal Nae 
13 96 55 94 94 98 #952 91: 90 89 
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81 a0. 99 98 FR RP ORS Mae eee oe 
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66 65 64 63 #63 62 61 61 #60 6&9 
gs 58 ‘57 56 55 5&5 84 > 388 (152 82 
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37 $696.35 84. 33 148) $2.) 31 ae 
30 99 188 @8 (27 26 (26 2% (24 238 
23 OM OA RO ORS BO AB Da Ce nag 
16 TRONS bo AeRReR CORGIRGS 8: HRRAY MENT be aR Sy RAND Ce HS 1 
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02 02 O1 00 007 99 98 98 97 96 
12 96 OS 94) 694 °°98 192 162-91 90 80 
89 88 88 87 86 86 °8 84 84 83 
70 Re TO Rs Re a! RR a A 
76 dae | RO Rts a 2 a A Ta 
70 69 68 68 67 66 66 65 65 64 
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57 8e 6 86.6—C(ti 55 eté«‘( “(“Ht«é‘(‘(w:*COCB! CBS SSCS 
51 50 50 49 48 °48 47 46 46 45 
45 44 43 43 42 42 £41 #40 #40 = 99 
38 98 (87. °87 >86 :85 °85° 84- 34. 83 
32 BO) Sp MST RO 2G PRO BS Oe. aa 
26 06 (85 (OR 84.98) 1S 2822 0a 
20 BO) SO EO AR SR Rs BB NS 
15 A RS RR NAR SM RE a 
09 08 08 07 07 #06 0 O05 04 = 04 
01 00 | 99 99 98 
1 a % 35359 94 93 93 92, 
89 88 88 87 87 
Ba oe “f Hr B ME MORBS. 5 AME  ?  9 
81 BO 19S NFS FS. SU ER Re NIG aS 
75 yy PR 5s MR Fs 52 AY GR RNG BAN 
70 69 69 68 68 67 66 66 65 ~= 65 
64 64 63 63 62 62 61 «61 «60 59 
59 58 58 67 57 #56 56 55 55 ~ 654 
54 53 53 52 52 51 #50 50 49° 49 
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94 
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7 8 9 yards 
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54. 54 53 
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APPENDIX IX : 
THE MARK VI INSTRUMENT (see Plate IX) 


The following alterations and improvements will be found 
in the Mark VI Instrument:— — 7 


1. The web sling is attached to bars fitted flush with the end 
caps. 


2. The coincidence adjusting head and the halving adjusting 
head are mounted on the left tube end, and each is protected 
by a circular sliding.shutter. (See Fig. 16.) 


3. The coincidence adjusting scale (C.A.S.) is on the lower 


_ rim of the left window, and is revolved by. the coincidence 


adjusting head, while the pointer remains steady. 
4, The rubber facepiece is of thick sorbo-rubber. 
5, The eyepieces have no cover on segment to protect them. 


6. The moderating glasses (grey, yellow and green) are 
operated by a lever placed in front of and below the right 
eyepiece. 


7. The range scale window has no hinged covers 


8. The range scale as viewed through the left eyepiece is 
read from top to bottom, and not reversed as in other models. 
The infinity scale is therefore minus above the asterisk and 
plus below. 
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Range-finder No. 12, View from rear. 
1, Outer tube. 9. Working head. 
2. Detachable web sling. 10. Astigmatizer lever. 
| 3. Carrier plate. 11. Tube ends. : 
ae ; ; 4, Eyepieces left and right. 12, Leather protecting caps. 
Fic. 16.—1. Coincidence adjusting head 5. Detachable rubber facepiece 13. End cap. 
; , suas No. 1, Mk. I. 14, Locking pieces. 
2. Halving adjusting head. 6. Focusing lever. 20. Stand”No. 14, Mk. II. 
8. Handles. 
PLATE II 
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Range-finder No. 12. View from front. 





1. Outer tube. 10. Astigmatizer lever. 

2. Detachable web sling, 11. Tube ends. 

3. Carrier plate. 12, Leather protecting cap. 

5. ec rubber  facepicce 13. End cap. 

No. 1, Mk. I. 15. Right window. 
7, Front range scale window No. 2, 16. Coincidence adjusting prism. 
a he 17, Coincidence scale ring. mt 

7 are ee andles, — 18. Coincidence adjusting hea 
Fic, 17.—1. Lever operating moderating glasses. ey 9. Working head. 19. Halving adjusting head. 


2. Range scale window. 20. Stand No. 14, Mk. II, 











PLATE IA 





Range-finder No. 12. View from rear. 


1. Window caps. 

2. Sling. 

3. Right and left handles. 

4, Working head. 
Carrier. 


6. Right eyepiece. 
7. Rubber facepiece. 
8. Left eyepiece. 
9. Astigmatizer lever. 
10. Halving adjusting heaa. 


11. Coincidence adjusting head. 


PLATE IIA 





Range-finder No. 12. View from front. 


1, Coincidence adjusting scale. 

2. Left and right windows. 

3. Halving adjusting head flap. 

4, Coincidence adjusting head flap, 
5. Window caps. 

6. Left and right handles. 


7. Astigmatizer lever. 
8. Carries 


9. Front range scale window cover 
ow. 
10. Focusing lever. 
11. Working head. 
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Range-finder No. 12 in wooden case. 


1, Felt pads. 
2. Laths adjusting. 


3, Supporting rod. 
_4, Stand in leather frog. 


NoteWhen the stand No. 14, Mark III, is used, it is not carried in the 
case but in the canvas cover (see Plate V). 


PLATE IV 





Range-finder No. 12 placed in canvas cover ready for 


packing. 
1. Leather pad on cover. 3. Web sling. 
. Carrier. 4, Halving adjusting head tap. 
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Range-finder No, 12 packed in canvas cover, 
20. Stand No, 14, Mark IIL. 
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15, Range-takers’ tests. 
General bie was ota 
Test of elementary training ... 
Conduct of annual test ook 
Annual test practice ... see 
APPENDICES 
; I, Syllabus of training eee eee 
II. Instrument tests... ove 
_ JII. Examination and test of range-finders 
IV. Determination of known ranges 
V. Values of 7? ... mi vel 
Wee) WI. Apparatus, training range-takers 
VII. Annual test eee eee eee | 
VIII. Falsification Tables ... des 
IX. The Mark VI instrument ... 
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‘SECTION | 
12, Range cards. 
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Lesson 11. Construction of range cards 
ranges under difficult conditions, 


Lesson 12. Difficult objects 


Lesson 13. Taking ranges in rain and shimmer 
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| Lesson 14. Taking ranges to moving objects 
14. Concealment and field duties. | 


Lesson 15. Positions and concealment 


Lesson 16. Field duties 
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